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ABSTRACT
Cathode polarization curves were obtained for the
electrodeposition of zinc from sulfate solutions with pH 2
and zinc concentrations of 10.0, 40.0, 80.0, and 100.0 gpl
zinc.

Both pure zinc and pure aluminum were used as cath-

odes with some difference in results noted.

The effect of

animal glue additions of 0.01, 0.10, and 0.50 gpl of solution on the cathodic polarization curves and the resulting
deposit morphologies were determined.

These glue additions

correspond to 0.20, 2.0, and 10.0 pounds of glue per ton of
zinc deposited, respectively.
The slope of the Tafel region of the polarization
curves was found to be 0.045v and the second electron
transfer the corresponding mechanism for zinc electrodeposition.

The slope of the diffusion controlled region

was found to vary between O.l5-0.20v depending primarily on
the zinc ion concentration.

Increasing slopes were obtain-

ed with decreasing zinc concentration.
The effects of the various process conditions on the
orientations and morphologies of the zinc deposits were
also determined.

The electrocrystallization process with

and without glue

additions

is discussed.
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INTRODUCTION
The electrowinning of zinc is a very complex process,
and can be substantially affected by any of a large number
of variables operable during deposition.

Some of the basic

parameters involved are as yet unknown or at least, insufficiently understood to allow for the desired degree of
control of the deposition.
The electrodeposition of zinc is particularly susceptible to the presence of small amounts of certain impurities in the electrolyte which can cause solution poisoning and a lowering of current efficiencies to unacceptable
levels.

The elaborate solution purification procedures re-

quired to eliminate these impurity elements add much to the
cost of the electrodeposition process.

Although the effect

of many of the impurity elements on the electrodeposits has
been studied individually, not enough is known of the combination of some of the cell conditions and bath cornpositions with these elements.

Presently the current den-

sity at which it is possible to electrodeposit metals is
limited by two major factors.
raised, too much H 2 is evolved.

As the current density is
This might be a result of

increased temperature of the bath rather than the result
of higher current densities, since it has been demonstrated that small temperature changes (5°C) can give much
lower current efficiencies

(1).

Also the surfaces of the

deposits made at higher current density are usually rough,
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irregular and dendritic.

Such deposits can cause the ef-

ficiency of the overall process to be lowered by several
per cent due to low cathode melting efficiency.

Further

there is a tendency for the electrolyte to be trapped in
inclusions on the surface of these electrodes, leading
to higher impurity levels in the final metal.
Automation of the electrodeposition process, resulting
in lower labor costs, will only be possible after the
electrocrystallization process for zinc and the resulting
electrode morphologies are understood completely and controlled.

To date, very little has been done to establish

the interrelationships between electrochemical processing
and the resulting orientations and morphologies.

This is

particularly true for the thicker, bulk-type deposits obtained in electrowinning, as opposed to thin,

fine-grained

electroplated coatings.
Sato has made an elaborate study of the crystallographic aspects of zinc electrodeposited onto polycrystalline
cathodes (2).

He has shown by electron diffraction and

electron microscopy that the orientation and texture of an
electrodeposited zinc layer can be reasonably interpreted
from the standpoint of development of crystallographic
planes under various degrees of influence of hydrogen and/or
organic colloids, other factors being relatively constant.
lie compares different organic colloids, with different gold
numbers

(measures of adsorbability), and their ability to

significantly change the orientations, and thus the texture,
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of the deposited zinc.

Reddy has similarly analyzed the

conditions of development of textures in nickel electrodeposits (3) (4).

He considers the growth of a crystal to be

made up of several stages of development.

There is one

stage where the orientation of the deposited metal is influenced by the substrate.

During the second stage of

growth (transition stage) the growth of the crystals are
more dependent on cell conditions and less dependent upon
the substrate.

Finally the preferred orientation stage of

crystal development determines the orientation and texture
of the electrodeposits.

Other factors which affect the

crystal growth, such as adsorbed atomic hydrogen, are also
discussed.
A study of zinc electrolysis from pure acid sulfate
solutions was done by Cole (1).

Various aspects of the pro-

cess such as temperature, electrode material, impurities,
etc., were studied and the resulting orientations and
morphologies were used to describe a possible mechanism of
growth for the zinc.
M.

v.

Zvereva and A. L. Rotinyan (5) (6) have investi-

gated the mechanics of electrochemical reactions of zinc
in sulfate solutions.

The mechanism for zinc crystalliza-

tion agrees with that proposed in this investigation.

It

was shown that changes in the acid to zinc ratios caused
the polarization curves to change positions slightly, but
the shape of the two linear portions of the curve remained
unchanged.

Increased pH values from 0-2 caused the curves
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to shift to higher potential values followed by a decrease
in potential with further increases in pH.
In this study of zinc crystallization, an analysis of
crystal and dendrite growth is made by correlating
orientation, morphology, and potential behavior.

The

effects of animal glue additions on these factors are discussed.
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EXPERIMENTAL
All electrolyses were performed galvanostatically at
20°C using a constant current D.C. power supply.

The

electrolyte was prepared by mixing purified neutral zinc
sulfate solution containing 200.0 gpl zinc at pH 5 with
distilled water and reagent grade sulfuric acid.

On runs

where an appreciable amount of zinc was deposited, the zinc
ion and sulfuric acid concentrations were held constant by
adding neutral solution at the back of the anode.

On runs

where glue was added, the correct concentration of glue was
added to the electrolyte mixture by pipet at the start of
the electrolysis.

The glue solution used in this investi-

gation was dilute enough to be easily pipetted and was
stored under refrigeration in order to prevent chemical
breakdown.
A salt bridge with a Luggin capillary in conjunction
with a Hg/Hg 2 S0 4 (lN HzS04)

reference electrode was utilized

to measure the cathodic potentials.

Potentials are report-

ed with reference to the standard hydrogen electrode

(SHE)

at 25°C.
A battery fitted with a variable resistance dial was
put into the electrical circuit, to oppose the potential of
the cathode/reference electrode.

This allowed easier and

more accurate determination of the potential of the cathode.
\vhen an aluminum cathode was used, a thin layer of zinc
was first deposited on the surface making an effective
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zinc electrode, in order to obtain a meaningful initial
rest potential.
The electrodes were always thoroughly cleaned prior to
use.

The platinum coated titanium anodes were washed with

distilled water, and were rinsed with H 2 S0 4 solution prior
to each run.

Zinc cathodes were obtained by cold rolling

pure electrolytic zinc deposits or commercially available
pure zinc sheets.

The rolled zinc electrodes were alter-

nately washed in a strong H2 S0 4 solution and distilled water.
The aluminum cathodes were also washed in an H2S04 solution
and were periodically resurfaced by first sanding with 600
grit emery paper and then alternately washing them in solutions of NaOH, H 2 S04, and distilled water.
Teflon tape was used to insulate critical parts of the
electrodes which were above the solution level.

Machined

teflon strips were fitted to the sides and bottom of the
cathode in order to eliminate the dendritic growths in
these areas.
The electrolytic cell itself was a Pyrex 1000 ml
beaker made so that the volume of retained solution was
precisely one liter.

During electrolysis the cell was im-

mersed in a constant temperature water bath.

The cell

rested on a plexiglass support machined to hold the beaker
atop a small air/water driven magnet, which could be activated for those electrolyses where stirring was desired.
After electrolysis the cathode was washed with dis-
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tilled water, dried, and examined using both x-ray
diffraction and scanning electron microscopy techniques.
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RESULTS
Cathodic Polarization Curves-No Additives
Figures 1 and 2 show cathodic polarization curves obtained from solutions of varying zinc concentrations using
pure zinc and pure aluminum starting cathodes respectively.
Aluminum is used extensively for the industrial electrowinning of zinc.

The use of zinc as a starting cathode was

also studied because it was felt that the zinc might provide a more compatible original substrate for deposition,
particularly at lower current densities.

As it turned out

however, this did not prove to be the case, as aluminum
seemed to be superior in most respects.
The Tafel region for zinc electrodeposition determined
in this study varies to some extent, depending on the cell
conditions, but generally extends from a low of 0.5 asf to
a high of 5 asf.

Below this region it was not possible to

make any meaningful analysis of the process due to the
nature of the current-potential relationship.

A diffusion-

controlled region is encountered at current density values
above this region continuing to approximately 100 asf before
the slope of the polarization curve changes.

The cathodic

polarization curves indicate that this region is affected
by complicated and unknown variables.

However since this

portion of the polarization curve above the Tafel region
is at least partially diffusion-controlled, it will be referred to as the diffusion-controlled region in this
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investigation.
As zinc electrodes were used in some of the studies,
and the current densities at which the zinc was electrodeposited were relatively low, it was decided to maintain
the pH of the solution at 2.

The corrosion rate of the zinc

electrodes at a lower pH was too rapid, thus giving excessive H 2 evolution and low current efficiencies.

This also

caused the potentials obtained using these solutions to be
less stable than those in solutions giving higher current
efficiencies.

Also since platinum-coated, titanium anodes

(platinodes) were used, there was probably some zinc resolution due to platinum contamination and subsequent
localized anode formation on the zinc deposit

(1).

Current

efficiencies were checked and found to be sufficiently high
(90 to 96%) as not to warrant any special considerations,
and no drastic re-solution effect could be noticed even at
low current densities.
The four polarization curves drawn for both the pure
zinc and pure aluminum cathodes
ly)

(Figures 1 and 2 respective-

show a slope of 0.045v in the Tafel region, and a slope

of O.l5-0.20v in the diffusion-controlled, higher current
density regions.

The zinc ion concentration is the deter-

mining factor in the relative location of the curves and
the slope of the polarization curves in the diffusion-controlled region.

Increasing slopes were obtained with

decreasing zinc concentrations with the exception of the
100 gpl zinc curve.

The crossover of 80 and 100 gpl
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potential curves in the diffusion-controlled region may have
been caused by a pH effect or by some combination of cell
conditions.

The concentration effect was as expected with

increasing zinc ion concentrations resulting in lower
potential values.
The aluminum cathodes yield cathodic polarization
curves which are more uniform and predictable than those
obtained when rolled zinc electrodes were used.
obtained

using~aluminum

The curves

cathodes also exhibit a more de-

finite break in the slope going from the Tafel region to
the higher current density diffusion-controlled region.
Some of the lack of data consistency encountered using zinc
cathodes could have resulted from the cold rolling operation.

More uniform potential values might have been obtain-

ed if the starting electrodes would have been fresh
electrodeposits made under conditions which produced a
smooth deposit with approximately a random orientation.
This would tend to minimize initial substrate orientation
variables which might affect the nature of the deposits to
be studied.

Figure 5 shows the surface of the zinc start-

ing sheet.

Roll marks, as well as the etch pits resulting

from acid washing the electrodes, are evident.
It was found that the best procedure for runnin? the
Tafel experiments was to start at higher currEnt density
values and proceed to lower ones.

The potential seemed to

stabilize more quickly when this procedure was used.
deposit made at the higher current densities was more

The
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metallic in appearance and helped to increase the stiffness
of the cathode due to the increased thickness of the deposited zinc.

Similar potential values were obtained

using the reverse procedure; however, 6 to 8 hours were
generally required to stabilize the system at the initial
low current density and the deposit formed was extremely
fine and spongy.
The effect of solution stirring on the cathodic
polarization curve was also determined.

Figure 3 shows the

results obtained with and without stirring.

The curve was

obtained from a solution containing 40.0 gpl zinc at pH 2.
The effect of solution stirring on the slope of the diffusion-controlled region was determined for solutions containing other concentrations of zinc ions and no significant difference could be detected.

The stirring test was a

separate experiment but the curve shown in Figure 3 is nearly identical with the 40.0 gpl zinc curve shown in Figure
1 indicating good reproducibility.

The solution stirring

had no effect on the potential measured for values of current densities in the Tafel region, and thus served as a
good indicator as to the actual values of current density
separating the two linear portions of the cathodic
polarization curve.
The potentials in the diffusion-controlled region are
lowered approximately O.Olv by vigorous stirring.

For a

given value of potential in the diffusion-controlled region,
the static and stirring polarization curves are separated
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by approximately 1 or 2 asf values of current density.

The

speed of the air/water driven magnetic stirrer could not be
controlled closely enough to obtain accurate potential
values when different stirring rates were examined.

It was

noticed however that the stirring rate did affect the
cathodic potential values measured and that smaller deviations from the static curves were obtained when slower
stirring rates were used.
X-ray Analysis-No Additives
Table I shows the results of the orientation studies
obtained using x-ray diffraction techniques.
zinc

Only metallic

(no zinc salts or compounds) was detected in the

patterns.

The nature of the spongy, low current density

deposits coupled with very high current efficiencies

(in

excess of 100%), indicated that oxides or hydroxides might
have been forming, but this did not seem to be occurring.
To eliminate the influence of the zinc substrate on
the x-rays of the deposited zinc, special electrolyses were
run allowing for longer times at a given current density.
Twelve hour runs were standard for all deposits used for xray analysis, and all solutions from which the deposits
were made contained 100 gpl Zn.

A cathodic polarization

curve was determined by obtaining the cathode potential
from each electrode to be x-rayed.

The cathodic polariza-

tion curve obtained in this manner was compared with the
curve obtained in the standard method

(one complete curve
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TABLE I
Orientations of Deposits from Pure Electrolyte
100 gp1 Zinc
Orientations
(0002)

(10l0)

( 10 ll)

(10l2)

( 10l3)

( 112 0)

Random (ASTM)

53

40

100

28

25

21

Zinc Substrate

14

73

86

100

32

13

0.5 a sf

33

27

100

13

13

7

1.0 as£

100

18

34

2

2

2

5.0 as£

100

12

62

12

12

19

82

7

100

41

41

23

10.0 as£
NOTE:

Numbers represent per cent of highest peak.
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per electrode) and no appreciable difference was found.
The deposits made in the Tafel region (0.5-5 asf) show
(0002) preferred orientation.

The deposits show a slight

(lOll) preferred orientation on the low side of the Tafel
region and a more random orientation at higher current
densities, with the exception of a decreased amount of
{lOlO) orientation.

The (lOll) ,

(10l2) , and (10l3)

orientations tend to increase with increasing current
density.

The degree of (1120) orientation appears to go

through a minimum at 1.0 asf and then increases with subsequent increasing current density.
The 12 hour zinc deposits made at lower current densities were spongy and surface coverage was not complete.
The deposits were striated in some cases, which could have
affected the x-ray patterns obtained from these electrodes
to an undetermined extent, because of exposure of the zinc
substrate and surface unevenness.
Deposit Morphologies-No Additives
Unless otherwise stated all the SEM microphotographs
in this study are of deposits made from a sulfate solution
containing 100.0 gpl zinc and at pH 2.
all made on zinc cathodes.

The deposits were

The zinc morphologies

aluminum cathodes were also investigated

usin~

~rom

the SEM and

were found to be similar to those for zinc starting
cathodes.
The roll marks, as·well as the etch pits from the acid
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cleaning of the electrode, are evident in Figure 5, which
shows the surface of a representative zinc electrode.
There did not seem to be any particular preferential plating in these areas of different physical appearance.
The deposits made at the higher current densities (10
asf) were uniform and their appearance was marked by a metallic luster.

The actual grain size of the deposits is

not known, but it can be seen in Figures 6 and 7 respectively that decreasing the zinc concentration (from 100.0 gpl
to 10.0 gpl) does increase the facet size of the growing
zinc.

Both of these zinc deposits were made at 10 asf and

are similar in orientation and morphology.
As the current density was lowered and the time of
deposition held constant, the surface coverage became less
uniform.

The 5 asf value of current density, which is near

the upper current density limit of the Tafel region, produced a zinc covering which was complete but contained deep
depressions.

This was probably due to a current density,

high enough to form visible hydrogen gas bubbles, but not
high enough to produce enough gas bubbles to flush the
cathode surface.

Some zinc was formed on the surface mak-

ing the coverage complete, but the small hydrogen gas bubbles were able to collect together and adhere to the surface of the cathode making any measurement of surface area
and resulting localized current density impossible.

Cur-

rent efficiency values ranged from 90.0% to 98.0% for any
particular sequence of current densities.

The lower
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values of current efficiency were generally obtained from
runs made at low current densities.

An attempt was made

to collect, wash, and dry all of the deposited zinc, but
many times the deposit adhered so loosely to the surface
of the zinc cathode that some was lost in the weighing process.

Variations in the zinc concentration of the electro-

lyte did notappreciably affect the current efficiency
values obtained.
When the current density was lowered below 5 asf, a
spongy, very fine crystalline deposit was formed.

This

type of deposit predominated as the current density was
lowered into the low current density section of the Tafel
region.

Figure 8 shows the start of this spongy, dendritic

type of zinc deposit.

The deposit was made at 1 asf.

The

SEM microphotograph shows the zinc substrate with etch pits
and roll marks still visible.

The crystal size of the

underlying deposited zinc layer is small.

It appears that

during the initial stages of deposition, a continuous zinc
layer was formed, but with time this deteriorated to a
non-adherent, fluffy deposit.
The cathode surface becomes completely covered with
this spongy deposit as the current density is lowered to
0.5 asf.

The deposit adhered very loosely to the cathode

surface and the evolution of sizable H2 gas bubbles was
enough to knock some of the deposit from the surface.
type of deposit is shown in Figure 9.

This

The cathodic

potential had not fully stabilized when the electrolysis
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which produced this electrode was terminated.
Cathodic Polarization Curves-Glue Additions
It is generally accepted that the addition of an organic colloid to the electrolyte helps to promote a smooth
electrodeposit and prevent the formation of dendrites.

In

electrowinning the most universally used industrial colloid
is animal glue.

Due to the complexity of the industrial

electrodeposition process, very little is known of exactly
how the glue behaves in the electrolytic cell.

The object

of this part of the study was to determine the behavior of
glue under carefully controlled conditions in order to compare the results with those obtained from solutions free of
any additives.
The

~ffects

of glue additions of 0.01, 0.1, and 0.5 gpl

of solution on the slope and relative positions of the
cathodic polarization curves as well as the orientations and
morphologies of the zinc deposits were determined.

These

glue additions were approximately 0.2, 2.0, and 10.0 pounds
of glue per ton of zinc deposited respectively.
Figure 4 shows the polarization curves for
containing 100.0 gpl Zn++ and at pH 2.

solut~ons

The glue additions

did not appreciably affect the shape of the polarizcttion
curves, but did shift their positions significantly.

The

slope of the Tafel region remained unchanged at 0.045v indicating that the glue does not change the apparent mechanism for the electrodeposition of zinc, at least in this
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current density region.

A Tafel slope of 0.045v indicates

that the second electron transfer step is rate determining.
Also the slope of the linear, diffusion-controlled region
was unchanged by the addition of glue.

The Tafel region

which extends from about 0.5 to 5 asf for solutions without
glue was extended to include current density values from
0.5 to approximately 10 asf.
The glue additions did significantly raise the potential
required

for

zinc electrodeposition.

The glue curves lie

from 80 to 100 mv above the polarization curves for solutions without glue.

These higher potential values are com-

parable to those obtained for solutions not containing glue
at current densities of approximately 200 asf.

It can be

inferred that, if the mechanism for zinc electrodeposition
remains unchanged by the additions of animal glue that the
glue raises the effective current density to values appreaching 200 asf.

This comparison is made because the

orientations and morphologies resulting from these two
diverse conditions are quite similar.

The exact nature by

which the glue does this is not known.
X-ray Analysis-Glue Additions
The zinc deposits made at different current densities
from solutions containing 100.0 gpl Zn++ and at pH 2 with
glue additions of 0.01, 0.1, and 0.5 gpl of solution were xrayed and the results tabulated in Tables II and III.

The

deposits made at 0.5, 2.0, 5.0, and 10.0 asf from solutions
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TABLE I I
Orientations of Deposits from Electrolyte Containing Glue
2#/Ton - 100 gpl Zinc
Orientations
(10l2)

(10l3)

( 112 0)

100

28

25

21

10

100

15

12

5

5

6

100

28

10

15

4

16

100

21

10

32

10

10

100

37

27

17

(0002)

(lOlO)

53

40

0.5 asf

3

2.0 a sf
5.0 asf

Random (ASTM)

10.0 asf
NOTE:

(lOll)

Numbers represent per cent of highest peak.
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TABLE I I I
Orientations of Deposits from Electrolytes Containing Glue
10 asf - 100 gpl Zinc
Orientations
(0002)

(lOlO)

Random (ASTM)

53

40

0.2#/Ton Glue

7

2. 0#/Ton Glue
10.0#/Ton Glue
NOTE:

(lOll)

(10l2)

(10l3)

(1120)

100

28

25

21

5

71

36

29

100

10

10

100

37

27

17

11

13

100

40

35

7

Numbers represent per cent of highest peak.

25

containing 0.1 gpl glue

(Table II) all show a high degree

of (lOll) orientation.

There is a noticeable lack of

orientation in the glue deposits.
are also usually quite low.
the

(0002)

The (lOlO) intensities

The glue apparently prevents

(0002) basal planes from aligning parallel to the

cathodes and thus restricts most lateral growth.
rent density deposits
glue also show less

High cur-

(200 asf) made from solutions without

(0002) orientation and exhibit partial

outward modes of growth.
When comparing different glue concentrations (Table III),
the amount of (1120) orientation becomes very significant.
If the glue is present in insufficient amounts, dendrites
are formed.

All the deposits were made at 10 asf and sur-

face coverage was complete.
Ton)

shows strong

virtually no

The low glue deposit (0.2#/

(1120) preferred orientation coupled with

(0002) orientation.

Clam shell-like dendrites

were formed on the surface of the deposits.

The glue was

not present in sufficient quantity to eliminate the formation of these dendrites.

The strong (1120) orientation,

which is depressed by increasing glue concentrations was
either a contributing factor toward, or a result of
formation of these dendrites.

t~e

As the glue concentration

increased, the deposits became more randomly

orien~ated.

Deposit Morphologies-Glue Additions
All the scanning electron microscope (SEM) microphotographs in this portion of the study are of deposits made
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from solutions containing 100.0 gpl zinc and at pH 2 with
varying amounts of animal glue additives.

The effect of

glue additions to the electrolyte on the surface morphology of the deposits can best be seen by comparing the
SEM microphotographs with those made of deposits without
glue additions and discussed previously.

The growth facets

and crystal size are much smaller and there is a lack of
any (0002)

facets obvious on the deposits made with glue

additions.

Also there is none of the spongy dendritic zinc

so prevalent on deposits made at lower current densities
without glue additions.
The zinc deposits made at different current densities
from a solution with a given glue content do not differ
extensively.

However the lower current density deposits

(2 asf) exhibit plate-like crystals whereas the higher
current density deposits (10 asf) are made up of crystals
which appear more rounded.

The surface coverage is incom-

plete only at low current densities and there is a tendency for the crystal size to decrease as the current density
is increased.

Figures 10, 11, and 12 are SEM microphoto-

graphs of deposits made from a solution containing 0.1 gpl
glue and show the surface morphologies.
The effect of increasing glue content can be
comparing Figures 12 and 13.

s~en

by

These deposits were made at

10 asf with 0.1 and 0.5 gpl glue respectively.

The 0.5 gpl

glue deposit (10#/Ton) has a noticeably smaller grain size
and the zinc crystals are more plate-like and except for
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the grain size, somewhat resemble the lower 0.1 gpl glue
deposit made at 2 asf (Figure 11).
In contrast to the deposits made from solutions high
in glue content, the deposits made from a solution lower in
glue content show quite different surface morphologies.

The

surface of the deposits made from solutions low in glue content was covered with zinc spursprotruding out from the
surface.

The spurs resemble clam shells in appearance.

Figure 14 shows the surface of a low glue deposit (0.01 gpl
glue) at different magnifications.

The clam shell-like

growths were numerous and consisted of what appeared to be
singly orientated crystals of zinc.

Also at low glue con-

centrations a time effect was noticed.

After 12 hours of

deposition the zinc deposit was just beginning to show the
clam shell-like dendritic structure, but after 24 hours of
deposition the entire surface was covered with this type
of crystal structure.

The glue apparently decomposed or

deposited along with the zinc, thus decreasing the glue content as the time of deposition was extended.
A simple bending test was used to determine the relative brittleness of the deposits, since deposits made with
organic additions are known to lose a certain degree of
ductility.

The deposits made from solutions containing 0.5

gpl to 0.1 gpl glue could not be distinguished on a
brittleness basis.

This was probably due to the fact that

both of these glue additions are considered high and the
morphologies of the deposits were similar.

The test did
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indicate however that these two high glue deposits were
more brittle than the deposit made from a solution containing only 0.01 gpl glue.
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Figure 5.

Figure 6.

Zn Starting Sheet Washed in
H2SO~ So1ution-1000X

10 asf Zn Deposit-No Additives-100.0
gp1 Zn-lOOOX
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Figure 7.

10 asf Zn Deposit- No Additives-1 0.0
gp1 Zn-lOO OX

Figure 8.

1 asf Zn Deposit-No Additives-100.0
gp1 zn-iooox
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Figure 9.

0 . 5 asf Zn Deposit-No Additives-100.0
gp1 Zn-1000X

Figure 10.

0.5 asf Zn Deposit-2#/ton
G1ue-100.0 gp1 Zn-lOOOX
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Figure 11 .

2 asf Zn Deposit-2#/ton
G1ue-100.0 gp1 Zn-1000X

Figure 12.

10 asf Zn Oeposit-2#/ton
G1ue-100.0 gp1 Zn-1000X
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Figure 13.

Figure 14a.

10 asf Zn Deposit-lOt/ton
G1ue-100.0 gp1 Zn-1000X

10 asf Zn Deposit-0.2#/ton
Glue-100.0 gp1 Zn-100X
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Figure 14b.

Same Electrode-300X

Figure 14c.

Same Electrode-lOOOX
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DISCUSSION AND CONCLUSIONS
It has been shown that the addition of animal glue to
the electrolyte caused the potential necessary for zinc
electrodeposition to be raised by 80 to 100 rnv.

The glue

did not affect the overall shape of the cathodic polarization curves and the slope of the Tafel region remained unchanged.

Since the apparent mechanism, or at least the rate

determining step for zinc electrodeposition, remained unchanged by glue additions, it indicates that the glue does
not actively interfere with the actual deposition process.
Of course this only holds for the lower current density
regions

(1-10 asf)

investigated in this study.

Additional

work will be required at higher current densities to determine if the glue behaves similarly.

The glue does however

seem to insulate or create a resistive barrier at the
electrode but not of sufficient magnitude to cause a change
in mechanism, for example to the first electron transfer
step or the electrocrystallization or surface diffusion step.
When solutions without glue are used, a current density of approximately 200 asf is required before the potential values obtained correspond to the potentials obtained at 10 asf from a solution containing glue (1).

This

is not surprising since zinc is considered to be a metal
with an average to low metal overpotential.

Very little

information is available about 200 asf deposits, but it is
known that as the current density is increased the outward
mode of growth for the zinc is favored.

The amount of
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(0002) orientation would be expected to decrease, and the
facets of the growing crystals to grow smaller.
The time effect noticed with the glue additions does
indicate that the glue is either deposited out of the
solution along with the zinc, or else decomposes chemically.

Because of this, it is very difficult to know the exact

glue concentration at any moment of electrodeposition.
This simple fact is one of the primary reasons for the difficulties encountered in control of commercial operations.
There is usually an optimum glue concentration which will
help maintain a smooth deposit.

But as the electrolyte

conditions change (amount of oxidizing agents for example)
the glue may be eliminated by chemical reaction before it
can act at the electrode.

Thus a constant rate of glue

addition to the cells is by no means sufficient.

This is

very evident when the surface morphologies of law glue
(.01 gpl) deposits are compared to those of higher glue
(.1 to .5 gpl).

These results shaw that in this case a

glue addition, if not present in the proper amount, can
actually cause dendrites to form rather than help in preventing them.
The electrocrystallization process, orientation, and
faceting, as they relate to zinc reduction from an acid
sulfate solution were the primary interests

i~

this study.

It can be shown by simple geometric arguments that the
rate of growth of crystal faces for electrodeposited metals
determines the probability of their survival.

Fast-growing
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faces grow out of existence, and slow-growing faces survive
(1).

In the case of electrodeposits, the surviving faces

should be those which have the greatest metallic overpotential and which therefore grow most slowly.

Although

other factors must be taken into account it has been postulated, in the Bravais law, that the velocity of growth
of different crystal faces depends on the atomic population
density of the faces.

The greater the number of atoms per

unit area of the face, the lower the rate of growth in a
direction normal to the face.

When this is the case, it

would correspond to free growth.

The electrocrystalliza-

tion of cubic metals has been studied using these premises and it is believed that the same general procedure
can be used for hexagonal metals such as zinc (3).
In zinc, the basal (0002) face is the most heavily
populated while the {1120)
sity.

face has the lowest atomic den-

Under free growth conditions the (0002)

facets would

survive during crystal growth and the mode of growth could
be lateral, since zinc has a rather low metal overpotential.
This is generally the case during electrolysis from pure
sulfate solutions, where the polarization is not excessive.
As the current density is increased and the electrode is
polarized to a higher degree, the growth mode
outward.

becom~s

more

In general, the lateral growth mode is favored by

higher temperatures and lower current densities, with the
outward mode being preferred at lower temperatures and
higher current densities.

In lateral growth the {0002)
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facets would be parallel to the electrode surface.

Their

inclination would gradually change until they would be
normal to the electrode for complete outward growth.

This

assumes no drastic change in the relative rate of growth
of the (0002} planes during process changes.
assumed that the (1010),

It is also

(1011}, or similar type planes

will be the fastest growing.
It has been shown by orientation and morphology studies
that glue additions to the electrolyte tend to shift the
growth mode of zinc from lateral to outward.

The glue in-

terferes with the free growth of the zinc by preferentially
acting on selected crystal planes.

The rate of growth of

these specific crystal planes are not changed significantly
but the crystal orientations are drastically affected by
the glue additions.
Glue prevents the formation of dendrites by acting as
a nucleating agent and keeping the crystal size small.

No

dendrites will form, and the deposit surface will remain
smooth, as long as the glue is present in sufficient amounts
and no crystal can "outgrow" another.
It was shown in Figure 14c that the initiation

o·~

a

clam shell dendrite occurs at a spot on the electrode
surface of larger crystal size.

If the glue

concen~ration

is not high enough to keep all of the crystals relatively
the same size, some will predominate and grow larger and
outward from the cathode surface.

It is not known whether

these dendrites are individual crystals or grains of zinc,
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but each individual dendrite appears to have uniform
orientation.

The {1120) orientation, along with the ap-

pearance of the surface of the low glue deposit {Figure 14)
indicates that fast growing {lOlO) planes are growing outward from the cathode surface.

The exact angle of outward

growth of these planes is dependent upon the degree of preferred {1120) orientation and ultimately dependent upon the
glue concentration of the electrolyte.

It can be seen by

comparing the plate-like 2.0 asf deposit made with 2#/Ton
glue {Figure 11) with the underlying crystal size of
Figure 14c that the effective glue concentration might be
dependent upon current density.

The initiation of den-

drites on higher density deposits appears to be likely if
the current density is decreased and the critical crystal
size is reached.

Table II indicated that the deposit shown

in Figure 11 did not have the strong (1120) preferred
orientation which follows for a dendritic type structure, but
the morphology of the deposit does

indicate

a trend in that

direction.
It has been suggested that the elimination of dendrites
and the realization of a smooth electrodeposit can be
achieved mechanically as opposed to chemically via glue
additions.

By impingement of the cathode surface with

abrasive particles, i t has been possible to

s~stantially

decrease potential values and increase the current density
to extremely high values {1000 asf)

{7).

The disrupting

effect of the impingement would add a mechanical contribu-
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tion to the normal electrocrystallization, with the resulting combination giving an entirely different orientation
and morphology.

The formation of dendrites would be depres-

sed because areas of critical size could not be obtained,
thus giving an overall, uniform deposit.
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APPENDIX A
Calculations
The value of 0.045v for the Tafel slope found experimentally in this investigation indicates that the rate
determining step for the electrolysis of zinc from a
sulfate-acid solution is the second electron transfer step,
shown as follows.
1.

Zn++ + e- ~ Zn+

2.

Zn + ~ A+

3.

A+ + e- ~ Zn

azn+ e

a A+

=

K2 azn+

a A+

=

K1 K2 azn++ e

= n

F k_3 aA+ e

13

{1-a.)Vf

=

O

-Vf

-a.Vf

i3 = n F k_

3

K1 K2 azn++ e

i3 = n F k_

3

K1 K2 azn++ e

-Vf

e

-a.Vf

-{1 + a)Vf
{ 1 + a.) VF

2.303 RT

a

av
log 1

=

{ 0. 0 59)

= -45 mv slope
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APPENDIX B
Linear Least Squares Method for Determining Tafel Slope
Zn Electrodes
y = A

+ BX

10.0 gpl Zn

40.0 gpl Zn

y

-X

y

0.784

0.475

0.787

0

0.794

0.600

0. 79 3

0.300

0.806

0.700

0. 79 7

0.475

0.817

0.770

=

A

0. 79 5 = A

0.044

=

B

0.044 = B

0.0004 = Std. Dev.

X
-0.260

in y

0.0018 = Std. Dev.

in y

0.0014 = Std. Dev. 1n A

0.0010 = Std. Dev.

in A

0.0022 = Std. Dev.

=

0.0032

Std. Dev.

in B

80.0 gpl Zn

100.0 <JPl Zn

-X

y

0.475

0.747

0.600

0.751

0

0.745

0.700

0.756

0.300

0.756

0.475

0.768

0.730

=

1n B

y

-X
-0.260

A

0.736

0.750 = A

0.036 = B
0.0004

=

Std. Dev.

in y

0.043

0.0014

=

Std. Dev.

in A

0.0025

=

Std. Dev.

0.0023

=

Std.

Dev.

in B

0.0014

=

Std. Dev. in A

0.0045

=

Std. Dev.

=

B

1n

y

in B
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Aluminum Cathodes
Y = A + BX
10.0 gp1 Zn

40.0 gp1 Zn

y

X

-0.325

y

X

0.800

-0.325

0.787

0

0.813

0

0. 79 5

0.325

0.825

0.325

0.815

0.425

0.835

0.8000

=

A

0.8140

=

A

0.0431

=

B

0.0440

=

B

0.0049

=

Std. Dev. in

y

0.0029

=

Std. Dev.

in

y

0.0028

=

Std. Dev.

in

A

0.0015

=

Std. Dev.

in

A

0.0100

=

Std. Dev.

in

B

0.0049

=

Std. Dev.

in

B

80.0 gpl Zn

100.0 gpl Zn

y

y

-X

-X

-

0.325

0.778

0

0. 7 89

0

0.780

0. 325

0.799

0.325

0. 7 89

0.700

0. 819

0.425

0.800

0.800

0.823

0.780

-

0.771

-0.325

=

A

0.7900

=

A

0.0361 =

0.4100

=

B

0.0040

=

Std. Dev.

in

y

0.0025

=

Std. Dev.

in

y

0.0021

=

Std.

Ute:."'.•

in

A

0.0014

=

Std.

Dev.

in

A

0.0067

=

Strl. Dev.

in

B

0.0027

=

Std. Dev.

in

B

B
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APPENDIX C
Neutral Purified Solution Preparation
All the neutral zinc sulfate solution

(200.0 gpl Zn)

used in these investigations was made up at one time using
a stoichiometric amount of photoconductive French Process
Zinc Oxide and dissolving it in distilled water and
Fischer's A300C reagent grade sulfuric acid.
The sulfuric acid was diluted with distilled water in a
1:3 ratio to allow for the escape of some of the heat of reaction.

After the acid solution was cooled the zinc oxide,

slurried with distilled water, was slowly added.

Vigorous

agitation also helped to keep the temperature of the
solution below the boiling point as the ZnO was added.
Calculations
Molecular weights:

ZnO == 81.38
Zn == 76.38
Specific gravity:
H 2 SO~

98.0
65.38

-~

= 1.765 gms/ml

ZnO == 81 · 38
65.38
Zn

1. 5

200.0 gms/1 Zn desired =

(200) (1. 2447)

= 249.54

=

1 . 2447

<JHlf"

ZnO

needed
(200. 0) (1. 5) = 300.0 gms

HzSO~

300.0 gms H 2 S04/(1.765 gms
needed

needed

HzSO~/ml)

=

169.972 ml HzS04
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50 liter batch
(249. 54 gml Zn0/1) (50 l) = 12477 gms
(169.972 ml H 2 S0 4 /l) (50 _l)

=

= 12.577 kilograms ZnO

8498.6 ml

= 8.4986 l H 2 S04

Balance H20 to 50 l at room temperature.
The neutral solution was purified using copious amounts of
zinc dust.

The solution was then filtered hot.
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APPENDIX D
The Effect of Mn on Lead Contamination of Zinc Cathodes
Materi~ls

and Equipment

This study was carried out galvanostatically using a
Hewlett Packard HC 50-20A D.C. power supply.
One batch of neutral solution was used for all experiments, and was prepared using the method outlined in
Appendix

c.

This neutral zinc sulfate solution contained

approximately 200 grams per liter of zinc and was used to
make up cell solution containing 65 gpl zinc.

The desired

acid concentration (200 gpl) was obtained by adding _
Fischer's A300C reagent grade sulfuric acid.

A complete

spectographic assay confirmed solution purity (Table I).
The cells themselves were made of poly-vinyl chloride
(PVC)

and measured 4.0'' wide x 6.0" long x 8.0" deep.

The

volume of solution in the cells was precisely one and seventenths liter, and was maintained by fitting the cell with
an overflow spout located approximately one and onefourth inches below the top rim of the cell.

The overflow

spout was made of pyrex tubing with an inside diameter of
0.125 11

•

The overflows were collected in 3.0 gallon pyrex

laboratory jugs and hence could be discarded or saved for
further investigation.

The cells were fabricated com-

mercially and only pure PVC filling material and heat were
used in the construction of the cells.

Prior to use for the

first time, the cells were washed with sodium dichromate-
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TABLE I
Assay Results on Neutral Zinc Sulfate Solution
Element

Trace

Cd

X

Si

X

Mg

X

Fe

X

Bi

X

Cu

X

Ca

X

Cr
Te

X

Not-Detectable

X

B

X

p

X

Pb

X

Ga

X

Ge

X

In
Mo

X
X

v

X

Ag

X

Ti
Ni

X

Co
Ba

X
X

Al

X

K

X

Sr

X

Tl

X

Sb

X

sn

X

As

X

Mn

X

X
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sulfuric acid cleaning solution, and large amounts of
de-ionized water.
The correct concentrations of zinc ions and sulfuric
acid in the cells were maintained by feeding neutral solution into the cell on the side opposite the overflow spout.
This was done in order to take advantage of the stirring
effect of the gas evolution at the electrodes.

CRC steady

rate IV injector pumps were modified to run at 2 revolutions
per minute and were used to control the feed rate to the
cells.

A maximum pumping rate of 4.6 ml per minute was

obtained when Tygon tubing of one-tenth inch inside diameter
was used.

For runs where smaller amounts of neutral solu-

tion were required an off-on timer was utilized.
During electrolyses, the cells were set in a water bath
for temperature control.

The temperature of the bath water

was controlled at+ O.l0°C and agitation was provided by a
Cole Palmer 1256 Tempumit Portable Constant Temperature
Bath Controller and Circulator.
The cathodes were rectangular pure aluminum plates
4.0"

X

6.0"

X

0.25".

The effective working area of the

cathodes was 0.10 square foot.

Machined rubber insul1ting

strips were placed on the sides and bottom of the cathode
in order to minimize the current concentrc:.tions in

~hese

areas and the consequential dendritic growth.
The electrical connection to the cathode was made by
attaching the lead from the power supply to a stainless
steel bolt located at the top of the electrode approximately
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one-half inches below the top of the cathode.

The stain-

less steel bolt, a possible source of Ni, Co, and other
contaminating elements, was protected from the cell solution by rubber lined plexiglass bars.
The tee-shaped anodes used in this investigation were
commercial Pb l% Ag alloys.

They measured 5.0" wide x 6.5"

long x 0.25" thick, with a 1.0" x 8.0" bar at the top.

The

anodes were perforated with uniformly spaced square holes
which reduced the surface area to one-half its original
value.

The bars extended over the tops of the cells and

solution contamination was minimized by making the electrical hook-up at the end of these bars.

Also 0.25" from each

end of the anode bars a 0.375" hole was drilled and a 5.0"
x 0.25" stainless steel bolt used to hold the anode-cathode
assembly together.

These bolts, when fastened firmly, held

the anode and cathodes parallel to each other and still
allowed for easy assembly.

The plexiglass bars mentioned

earlier insulated the two electrodes and set the electrodes
spacing at precisely 1.5".
An amp-hour meter, as well as a large ammeter, were placed in the electrical set-up in order to eliminate hum<·n
errors in setting the desired amperage and also to have complete reliability in current efficiency calculatioiJ.::>.
The melting of the Zn cathodes into 4.0" x 0.125" pins
suitable for spectrographic analysis was done in a table
size replaceable graphite crucible pot furnace.

New

graphite crucibles were used for each set of cathodes and
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three or four pins were obtained from each.
Operation
The purpose of this study was to determine the effect
of varying Mn concentrations in the ZnS04 feed to cells
solution on the amount of lead leaving the anode and ending
up as a contaminate in the zinc cathode.

Spectrographic

assays were made on all deposits and selected cathodes were
examined using the scanning electron microscope.
All tests were run at 42°C and at a current density of

74 amps per square foot.

Two cells were operated simultan-

eously and under identical conditions in order to provide
duplicate tests for each Mn concentration.

The runs were

all of 18 hour duration.
The aluminum cathodes were scrubbed using a hard vinylmesh pad and blotted dry with tissue paper prior to each
run.

The Pb l% Ag anodes were conditioned in solutions with

varying Mn concentrations prior to the start of the experiment.

It is known that fresh anodes require time in the

electrolytic cell before their surfaces become stable.

A

total of 180 hours of electrolysis time was used in the
preparation of this stable anode surface.

Just prior to

the start of the experiment the flaky anode coating was removed by washing with dilute oxalic acid solution leaving
a hard stable anode surface.

Also after each run the

anodes were washed in this dilute oxalic acid solution to
remove the loose flaky surface coverage.

If this surface
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coverage would not have been removed after each run the increasing thickness of the anode coating could have become
the primary restriction to Pb leaving the anode.

After the

anode layer had built up to an appreciable thickness, the
Mn content of the electrolyte would have been of insignificant value.
Discussions with some industry people and a cursory
literature review indicated that Mn levels of from a low
of 0.25 gpl to a high of 20.0 gpl were common in commercial
practice.

It was decided to vary the Mn content of the

feed to the cells solution from 0 gpl Mn up to 20 gpl using
appropriate steps.
The runs were started at the lowest level of Mn content (0 gpl)

and the Mn content was appropriately increased

by adding MnS0 4 to the overflow solution from the previous
run, and also increasing the Mn level of the neutral purified feed solution.

One gram of Mn requiring 2.7485 grams

of MnS04.
Discussion
The cathodes obtained from the two cells were compared
visually, and on a current efficiency basis.

One of the

sets of cathodes was then cast into pins suitable for
spectrographic assay.

The other set of cathodes was exam-

ined with the scanning electron microscope ln the hope of
identifying the chemical form of the lead contamination.
The current efficiencies varied from day to day as can
be seen from Table II, but fluctuated only slightly and
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remained relatively parallel (comparing both cells for any
one particular day).
The result of the spectrographic assay of the cast
zinc pins is presented in Table III.

The Pb content of the

pins is plotted as a function of Mn content in the feed to
cells solution in Figure 1.

It is important to note that

the Pb content of the Zn cathodes is at a minimum when the
Mn content in the cells is 3.0 gpl.

The low Pb content

reported here for the 3.0 gpl of Mn in the electrolyte holds
only for a short time (18 hours).

The Pb content of the

Zn cathodes would be subject to a time effect.

If the anode

layer was allowed to build up to an appreciable thickness
it is quite possible that the 3.0 gpl Mn level might be unnecessarily high and that the Pb content of the zinc cathodes could be satisfactorily controlled using less Mn.
Figures 2 and 3 are scanning electron microphotographs
of the Zn deposit made while holding the Mn content at 0.5
gpl.

The microphotographs are of the same area but at dif-

ferent magnifications.

Several foreign particles were

found on the deposit surface, but attempts to identify them
chemically by use of the non-dispersive x-ray spectror.1eter
(EDX)

attachment on the SEM were inconclusive.

particles did not appear to have any appreciable

The
~r

content

and were, for the most part, amorphous or very fine grained
masses.

The morphology of the area shown however is quite

indicative of a high Pb content cathode.

The outward mode

of growth as well as the tendency for the platelets to form
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TABLE II
Summary of Current Efficiency Data
Efficiency (%)
Cell #1

Cell #2

0.0

9 6. 50

96.00

0.5

9 3. 77

94.25

1.0

93.42

9 3. 71

1.5

9 3. 03

93.32

2.0

93.53

9 3. 30

2.5

91.50

91.6

3.0

9 3. 50

9 3. 4

3.5

91. 58

91.75

4.0

91.15

91.27

10.0

93.25

92.94

20.0

93.30

93.50

gpl Mn
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TABLE III
Spectrographic Assays of Zn Cathodes

GPL Mn

%

Pb

%

Cd

%

Cu

%

Fe

%

Ag

o.o

0.0070

0.0001

0.0004

-0.0004

+0.0020

0.5

0.0086

0.0001

0.0001

-0.0004

+0.0020

1.0

0.0052

0.0001

0.0001

-0.0004

+0.0020

1.5

0. 00 39

0.0001

0.0001

-0.0004

+0.0020

2.0

0.0041

0.0001

0.0001

-0.0004

+0.0020

2.5

0.0028

0.0001

0.0003

-0.0004

+0.0020

3.0

0.0023

0.0001

0.0002

-0.0004

+0.0020

3. 5

0.0033

0.0001

0.0002

-0.0004

+0.0020

4.0

0.0043

0.0001

0.0002

-0.0004

+0.0020

10.0

0.0072

0.0001

0.0005

-0.0004

+0.0020

20.0

0. 00 39

0.0001

0.0120

-0.0004

+0.0020

Cr, Sn, Ga, Sb--not detectable

Ni

I

-

indicates less than

+ indicates more than
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Figure l.

Effect of Mn on the Pb Contamination
of Zn Cathodes.

57

in triangular sections are the types of textures resulting
from a high Pb content.
tent was indeed high

As shown in Figure 1, the Pb con-

(0.0086% Pb).

The zinc deposit made from a solution containing 3.0
gpl Mn had a morphology quite unlike that of the deposit
made from a solution containing the lower 0.5 gpl Mn concentration.

The morphology of the low lead zinc deposit can

be seen in Figure 4.

The Pb content of the Zn cathode ob-

tained at 3 gpl was 0.0023%, the lowest percentage obtained
for any of the tests.
basal planes

{0002)

The hexagonal type morphology and

facets of the Zn deposited are much more

evident in this deposit.

The mode of growth appears to be

mixed, both lateral and outward, and the platelets are much
larger in size.

The small foreign particle in the center of

the microphotograph was found to consist of Mn and Zn, and
the larger particles in the right foreground were found to
consist of small amounts of chromium and lead but were,

like

the smaller particles, mostly zinc.
A SEM microphotograph of the Zn deposit made with 10
grams of Mn per liter of solution is shown in Figure 5.
The Pb content of the deposits made when the Mn conte1 t
the solution was 0.50 gpl and 3.0 gpl.

of

The deposit is of

high Pb content, but the triangular sectio11s of

pla~0Jet

growth are not as obvious however, and the

hex~gonal

of the deposited zinc can be ascertained.

Again an attempt

nature

was made to determine the chemical make-up of some of the
many foreign particles which could be seen on the surface
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of the deposit, but they proved to be amorphous and no
definite analysis could be made.
The 20 gpl Mn deposit was also investigated using the
SEM, and is seen in Figure 6.

The Pb content of this cath-

ode is quite low (0.0039%) and again the SEM microphotographs shows definite areas where the mode of growth is
primarily lateral and where the lower Pb content is predictable.

The microphotograph is at 300X magnification and a

comparison between this deposit and the cathode made at 3.0
gpl Mn
ing.

(Figure 4)

shows a similarity in texture and facet-

The anode coating at this very high Mn content is

extremely voluminous and flaky.

The Pb content of the zinc

cathode is held down by the extensive anode surface covering and subsequent diffusion barrier.

The anode slime pro-

duced was extensive at this Mn level, and would have presented an electrolyte flow problem if the overflow solution
would have had to be recirculated.
Figure 7 is a polaroid picture of the screen of the EDX
system which was used to investigate the foreign particles
found on the surface of the deposits and mentioned earlier.
The system was used to investigate the small particle located in the center of the microphotograph (Figure 6).

The

three peaks are labeled and the particle was made

Pb,

Cr, and Zn.

This was the first indication of

~ny

OL

kind that

Pb was present in any significant degree in any of the
surface particles.
All of the deposits were x-rayed and it was found that
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all deposits had (lOll) preferred orientation.

The amount

of preferred (1011) varied but generally increased as Mn
levels in the solution varied, in both directions, from
3.0 gpl.
Several of the deposits were x-rayed on the back side
(facing the Al cathode) and were found to have (0002) preferred orientation.
The actual appearance of the cathodes did vary to
some degree, but all the deposits were dense and it appeared that melting efficiences would be quite satisfactory for
all cathodes.
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Figure 2.

0.5 gpl Mn- 300X

Figure 3.

0.5 gpl Mn- lOOOX

61

Figure 4.

3.0 gpl Mn- 300X

Figure 5.

10.0 gpl Mn- 300X
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Figure 6 .

Figure 7.

20.0 gpl Mn- 300X

Analysis of Foreign Particle
Shown in Figure 6 - EDX
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APPENDIX E
Future Work
Due to the complexity of the electrodeposition process there are many questions which arise when considering
work which should be undertaken to increase the scientific
understanding of the process.

The many things which res-

pond to individual techniques, i.e. art, should be investigated or carefully disected in order to yield a scientific
reason for their peculiar behavior.
More specifically, in regard to the questions posed by
this investigation, there is a great deal of practical
significance which could be placed on a complete investigation, leading to the "perfect" cell conditions.

These con-

ditions would be directly related to the anode and

~athode

materials, the glue, zinc and acid content, as well as the
amounts of other additives such as Mn.
A method for keeping Pb out of the Zn cathode would
represent a major breakthrough in zinc electrowinning.

This

might call for an entirely different anode material than is
presently in commercial use, or it might simply be accomplished with the addition of some chemical or species to
the electrolyte.

A study could be made of the best way to

prepare the anodes for the electrolytic cell.

It would be

interesting to know how the metallurgical processing of an
anode affects its behavior in the electrolytic cell.
it be better to fast quench, air cool, stress relief

Would
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anneal, or mechanically polish the anode alloy?

In what way

do chemical surface treatments of the anode surface effect
the electrochemical reactions which take place there?

If in

fact the Pb-Ag alloy used for the anode material in most
electrolytic plants today is the most suitable for the purpose, then exactly what percentage of Ag is the most
economical?

Many other questions as to anode material and

behavior need to be answered.
When studying the additives which are found in the
electrolyte, it is my opinion that investigations should be
conducted in order to yield answers to problems which are
of practical and industrial significance.

Colloidal glue

additions to the electrolyte are not understood completely.
A study to determine the effective glue concentration as a
function of time of decomposition would be desirable.

We

have indications that the glue concentrations in solutions
drops drastically as the time of deposition is extended.
However, we do not know the extent of depletion or its
exact effect on the zinc deposits produced.

If a complete

study was worked out it would probably be possible to
approximate the glue concentration of the electrolyte by
the grain size or orientation of the deposit.
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